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Acetylcholinesterase (Ache) and pseudocholinesterase 
(BUche) activities were studied quantitatively in healthy 
skin by spectrophotometric methods and qualitatively 
by polyacrylamide gel electrophoresis. The results were 
compared to those obtained in plasma. 
The substrates used to reveal enzyme activities were 
acetylthiocholine (ATC) iodide and butyrylthiocholine 
(BTC) iodide, respectively. 
A linear relationship exists between the values of 
BUche and Ache activites in plasma and those in skin. 
Six isoenzymes of different electrophoretic mobility 
were observed in the skin. One of them, which is never 
found in plasma extracts, appears to be specific to the 
skin. 
On gradient gel electrophoresis, with both substrates 
(ATC and BTC), a single band of enzyme activity, corre-
sponding to a molecular weight of 600,000 was observed. 
These results suggest that in the skin there is only one 
enzyme, most probably butyryl cholinesterase, which 
cleaves BTC somewhat faster than ATC. 
This methodology, when applied to the study of der-
matoses in which abnormalities of cutaneous nerve ter-
minals are suspected, should furnish precise functional 
pathophysiological details. 
Histochemical or ultrastructural methods may be used to 
study cholinesterases (Che) in the skin [1]. Thus, precise top-
ographical distribution of the activity of these enzymes in the 
tissue may be determined. However, such methods do not 
provide quantification of the enzyme. 
Various techniques have been suggested for the quantitative 
study of cutaneous Che, including nephelometric methods, 
gasometric methods [2] and radioassays [3]. These techniques 
provide quantitative information of overall enzyme activity, but 
the use of electrophoretic techniques (polyacrylamide gel) al-
lows selective analysis. This method has already been applied 
to the study of cholinesterase isoenzymes in plasma and the 
purpose of ours was to apply this electrophoretic technique to 
cutaneous cholinesterases. 
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Ache: acetylcholinesterase 
ATC: acetylthiocholine 
BTC: butyrylthiocholine 
BUche: pseudocholinesterase 
Che: cholinesterases 
PGG: polyacrylamide gradient gel electrophoresis 
MATERIALS AND METHODS 
Plasma 
Venipuncture of the anticubital vein was carried out in 21 healthy 
subjects (11 women and 10 men), whose age varied from 21 to 63 yr. 
Heparinized plasma, separated from erythrocytes by centrifugation 
immediately after collection of the blood, was used for analysis. The 
specimens were frozen in Liquid nitrogen and stored at -40°C until 
analysis was carried out. 
Skin Biopsies 
Nine specimens of healthy skin were examined. These biopsies were 
obtained from surgically excised material, excision being effected under 
general anesthetic, using a scalpel. The tissue was dried on ftiter paper 
and immediately frozen in liquid nitrogen. The biopsy areas were: the 
upper dorsal region (4 cases); the lumbar region (2 cases); and the thigh 
(3 cases) . None of the &ubjects were receiving local or systemic therapy 
which might modify circulatory or tissue cholinesterase activity. 
Preparation of Skin Extracts 
After storage in liquid nitrogen, the 9 specimens were placed in 3 
volumes of a 0.25 M sucrose solution, then homogenized with a Potter 
Elvehjem glass homogenizer (Kontes) . The homogenate was then cen-
trifuged at 30,000 xg for 30 mn at O°C. The proteins of the supernatants 
were concentrated by diaflo ftitration (Minicon, concentrators: B15 
fivefold, A25 threefold) so that I m1 of extract corresponded to 300 mg 
of skin (fresh weight) . 
Quantitative Spectrophotometric Study of Acetylcholinesterase 
(Ache) and Pseudocholinesterase (BUche) 
Ache and BUche were measured in the plasma and skin extracts 
according to the method of Weber [4]. Doses were made from Boehrin-
ger-Mannheim test reagents at 405 nm at 25°C using acetylthiocholine 
(A TC) iodide and butyrylthiocholine (BTC) iodide as substrates for 
Ache and BUche activities, respectively. 
For plasma, results were expressed in mU/ ml and corresponded to 
a range already described [4]. For skin extracts, it was necessary to 
establish a sampling curve, since low values were obtained in prelimi-
nary tests. This curve was established from PRECILIP serum with 
Imown values of Ache and BUche. These sera were used at various 
dilutions (Fig O. 
Electrophoretic Study 
o. Polyacrylamide gel (PG) : Plasma and skin extracts were subjected 
to polyacrylamide gel electrophoresis according to the method of Davis 
[5], modified by Holstein, Burnett, and Quevedo [6]. Undiluted 1'ris 
glycine buffer at pH 8.3 was used in the cathode compartment, accord-
ing to Juul (7]. The current used was 3 rnA per tube for I hr and the 
samples were 20 iLL for both plasma and skin. Enzymic activity was 
demonstrated by the Koelle-Friedenwald technique [8]. 
Preincubation (copper acetate, glycine) was carried out for 30 min 
on all specimens, followed by incubation with the substrates (A TC and 
BTC iodide) for either 3 or 19 hr. Electrophoresis was performed at 
+4°C and enzymatic activity appeared as while bands of copper thio-
choline precipitate. The gels were conserved at +4°C in a 7% solution 
of acetic acid, during which time the white bands remained visible. 
They were then subjected to photometric recording on a gel scanner. 
Mobility was calculated proportionally in bromophenol blue. 
b. Polyacrylamide gradient gel (pGG) : Molecular weights were 
es timated in Pharmacia PAA 4/ 30 polyacrylamide gradient gPoI in 
comparison with catalase (Boehringer-Ingelheim) M.W. = 240,000, 
ferritin (Boehringer-Ingelheim) M. W. = 450,000 and aldolase (Boehrin-
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FIG I. Relationships between hydrolysis rate (OD/mm) and enzy-
matic activity (mU/ ml) . Dotted line (pseudocholinesterase activity); 
solid line (true cholinesterase activity) . 
ger-Ingelheim) M.W. = 158,000 ceruloplasmine (Boehringer-Ingelheim) 
M .W. = 160,000 and bovine serum albumin (Sigma) M.W. = 67,500. 
c. Nonspecific esterases: These were demonstrated in the classic 
manner with naphtol acetate and diazo blue. 
d. Inhibition with eserine: The inhibitory action of eserine on the 
enzyme was tes ted in the following manner: after migration, but before 
enzymatic detection, the gels were incubated for 1 hr in a solution of 
eserine (1.4 mg/ 50 ml buffer (10 4 M) pH 5.0) . A parallel series of 
control tests was also carried out. 
e. Inhibition with lysivane: The phenothiazine derivative, astra 1397 
(IO-(a-diethylamillopropionyl)phenothiazine hydrochloride), is a selec-
tive inhibitor of plasma butyrylcholinesterase; in this experiment we 
employed the structurally similar compound, lysivane (lO-{a-dieth-
ylaminopropyl)phenothiazine hydrochloride) [9]. The inhibitory action 
of Iysivane on the enzyme was tested in a way similar to that used for 
eserine: after migration, but before enzymatic detection, the gels were 
incubated for I hr in a solu tion of lysivane (8.52 x \0 • lysivane); 
studies using inhibitors were performed on polyacrylamide gradient gel 
electrophoresis. 
Statistical Analysis 
Hegression lines of the BUche-Ache ratio were determined by the 
method of least squares. Gradients are compared using the Student t-
test. 
RESULTS 
Plasma 
Spectrophotometry (Table I) : For Ache the mean value was 
2561 ± 330 mU/m!. For BUche, it was 4377 ± 570 mU/mI. 
Polyacrylamide gel electrophoresis (Fig 2): The different 
cholinesterase bands were denominated by a factor of their 
R(x) mul t iplied by 102 . The R(x) corresponded to the electro· 
phoretic mobility of a protein relative to that of bromophenol 
blue. The same electrophoretic proflles were observed for both 
Ache and BUche. 
After 3 hours' incubation with substrates, 4 distinct bands 
were distinguished in all the extracts. Three of them were fine 
and of medium electrophoretic mobility: Ch 62, Ch 47 and Ch 
33. The fourth band, Ch 9, showed intense activity and weak 
electrophoretic mobility (Table 11) . 
After 19 hours' incubation, 2 bands, Ch 73 and Ch 15, ap-
peared (Table IV) . 
Polyacrylamide gradient gel electrophoresis (PGG) (Fig 3): 
On PGG at 3 hr and 19 hr of incubation, a single band corre· 
sponding to a molecular weight of about 600,000 was observed 
for both substra tes (ATC iodide and BTC iodide) . Enzyme 
activity was more intense, however, when BTC iodide was used 
as the substrated. 
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TABLE 1. Cholinestera.~e (Ache) and p.~eudocholtne8tera",e (B Uche) 
activities in plasma 
Ache (mU/ ml) --::-::c-BUche (mU/ ml) BUche/Ache 
2810 4315 1.54 
4680 7268 1.55 
2690 4088 1.52 
2225 3407 1.53 
2575 3634 1.41 
2340 3634 1.55 
1640 2725 1.66 
1870 3179 1.70 
2340 3861 1.65 
2346 4428 1.89 
2580 5240 2.03 1.72 ± 0.50 
3284 6812 2.07 
2229 4866 2.18 
21ll 4258 2.02 
2346 4866 2.07 
2580 4007 1.55 
11 73 2044 1.74 
2580 4258 1.65 
3753 6193 1.65 
2932 4866 1.66 
2698 3974 1.47 
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FIe 2. Electrophoretic and densitometric tracings of cholinesterase 
isoenzymes in plasma and skin extracts after 3 (dotted line) and 19 hr 
incubation times (so lid line) . 
TABLE II . Rx lIalue.~ of Ache and BUche bands 
Name 
Ch 73 
C h 62 
C h 47 
C h 33 
C h 25 
Ch J5 
C h 9 
n Rx: mean value of Rx. 
h llx: 95% confidence limits. 
Rx" 
0.727 
0.620 
0.466 
0.332 
0.252 
0.150 
0.092 
Ax ' 
O.Oll 
0.006 
0.009 
0.008 
0.019 
0.008 
0.005 
Inhibition with eserine: With acetylthiocholine iodide as the 
substrate, the band was completely inhibited. 
With butyrylthiocholine iodide as the substrate, the band 
was only partially inhibited. 
Inhibition with lysivane: With both substrates, the band was 
completely inhibited. 
Skin Extracts 
Spectrophotometry (Table [II) : For Ache the mean value was 
Sept. 1979 
TABLE 111. Cholinesterase (Ache) and pseudocholinesterase (BUche) 
activities in normal skin 
BUche (mU / g) Ache (mll / g) BUche/ Ache 
3317 1828 1.81 
1842 1359 1.36 
1209 892 l.36 
786 540 l.46 
786 540 1.46 1.48 ± 0.27 
996 889 1.20 
786 540 1.46 
1778 1126 l.58 
1628 1009 1.61 
TABLE IV. Detection of Ache and BUche bands after 3 and 19 hr 
incu batioll time 
Plasma Skin 
Bands 
3 hr 19 hr 3 hr 19 hr 
Gh 73 0 + + + 
Gh 62 + + 0 0 
Gh 47 + + + + 
Gh 33 + + + + 
Gh 25 0 0 0 + 
Gh 15 0 + 0 + 
Gh 9 + + + + 
plasma __ skin 
+ 
FIG 3. Polyacrylamide gradient gel electrophoresis: after 3 and 19 
hr of incubation, a single band corresponding to a molecular weight of 
about 600,000 is observed for both substrates (acetylthiocholine and 
butyrylthiocholine iodide) in the skin and plasma. 
969 ± 330 mU/gm of skin (fresh weight). For BUche, the mean 
value was 1459 ± 629 mU/gm of skin (fresh weight). 
Polyacrylamide gel electrophoresis (Fig 2): The same elec-
trophoretic profiles were observed for both Ache and BUche. 
Thus, once again, all bands showed less activity against acetyl-
thiocholine than against butyrylthiocholine. 
After 3 hours' incubation with the substrates, 4 distinct 
bands, Ch 73, Ch 47, Ch 33 and Ch 9, of intermediate intensity, 
could be characterized. After 19 hr, 6 bands were present, Ch 
73, Ch 47, Ch 33, Ch 25, Ch 15 and Ch 9. The 2 supplementary 
bands (Ch 25 and Ch 15) had intermediate activity and mod-
erate electrophoretic mobility (Table IV). 
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Polyacrylamide gradient gel electrophoresis (Fig 3): On 
PGG at 3 or 19 hr, a single band corresponding to a molecular 
weight of about 600,000 was observed for both substrates (ace-
tylthiocholine iodide and butyrylthiocholine iodide). 
Inhibition with eserine: With both substrates (ATC and 
BTC) the band was completely inhibited. 
Inhibition with lysivane: With both acetyl- and butyryl-
thiocholine iodide, a complete inhibition was observed. 
Statistical analysis: A linear relationship existed between 
Ache and BUche values for both skin and plasma. If X is the 
value of Ache and Y that of BUche, the equation Y = a + bX 
gives the following values for the parameters a and b (Fig 4) : 
-for serum: Y = 467.42 + 1.58X with a correlation coefficient 
r = 0.885 
-for skin: Y = 9.72 + 1.84X with a correlation coefficient r 
= 0.967 
The values of the correlation coefficients, which are close to 
unity, show the linear character of the relationship between X 
(value of Ache) and Y (value of BUche). 
The comparison of gradients (Ache-BUche ratio) in skin and 
serum gives a t-value of 1.583. Such a value shows that the 
gradients may be considered as being statistically significant 
(0.1 < a < 0.2). 
DISCUSSION 
The hydrolysis of both A TC and BTC iodide was observed 
using plasma and skin extracts (soluble fraction) as sources of 
enzyme. These results were obtained using a thiocholine his-
tochemical procedure, followed by transmission densitrometry, 
and confirm previously published data. 
However, it has been suggested that 2 different enzymes, true 
cholinesterase (3.1.1.7) and pseudocholinesterase (3.1.1.8) are 
present in the skin. The positive identification of these enzymes 
is based on a study of their substrate specificity and sensitivity 
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FIG 4. ButyrylchoLinesterase activity (acetylcholinesterase activity) 
in skin and plasma. Solid line corresponds to data found in the assay. 
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to specific inhibitors. Magnus and Thomson [2] assayed enzyme 
activity manometrically, using acetylbetamethylcholine and bu-
tyrylcholine for true and pseudocholinesterase, respectively, in 
normal human skin. Cotton, Van Den Hurk, and Mier [3], using 
(acetyl-I- 14C)choline chloride, studied the hydrolysis of acetyl-
choline using extracts from normal and pathological (atopic 
eczema) human skin. In the soluble fractions of the extracts, 2 
enzymes appeared to be present: the Km values suggested that 
these were "true" and "pseudo" cholinesterase. 
We were unable to confirm these findings and our results 
suggest that there is only one type of cholinesterase in the skin 
and plasma for the following reasons: 
1. With both substrates (BTC or ATC), a single band of 
enzyme activity corresponding in both instances to a similar 
molecular weight (600,000) was detected using polyacrylamide 
gradient gel electrophoresis. 
2. The electrophoretic pattern was totally similar whether 
ATC or BTC were used as substrates. 
3. For each specimen, the ratio, hydrolysis of BTC hydrolysis 
of ATC, showed only slight variations. 
Furthermore, our results suggest that this enzyme cleaves 
BTC somewhat faster than A TC: 
1. spectrophotometric study showed that the hydrolysis of 
BTC in skin and plasma is greater than that of ATC, and that 
a linear relationship exists between the 2 substrate activities. 
2. on disc gel electrophoregrams, the band of enzyme activity 
appeared much more clearly when BTC was used as the sub-
strate. 
It seems likely that this enzyme is a pseudocholinesterase 
(butyrylcholinesterase). Neither true cholinesterase nor pseu-
docholinesterase are highly specific in their substrate require-
ments; Ache shows greatest activity with acetates and little 
with butyrates, whereas pseudocholinesterase exhibits optimal 
activity with butyrates [10,11], but also a significant activity 
with acetates. 
In skin, the enzyme was inhibited by eserine and lysivane, 
the latter of which is known to be a selective inhibitor of plasma 
butyrylcholinesterase. The partial inhibition by eserine ob-
served in plasma is probably due to a high concentration of the 
enzyme. 
It should be noted, however, that the molecular weight of the 
enzyme, both in plasma and skin (600,000), is much higher than 
that proposed for human plasma cholinesterase (300,000) . This 
difference is perhaps due to the technical methods used. Since 
the molecular weight which we found represents around twice 
that which has previously been reported, it could be considered 
that: 
-either previous studies were carried out on subunits with 
identical enzymatic activity, 
-or that we have studied a polymer of these subunits with 
identical enzymatic activity. 
With regard to plasma, our results are in agreement with 
data given in the literature: Juul [7] was unable to demonstrate 
true cholinesterase activity in human plasma. 
The enzyme observed in skin appears to be similar to that 
found in plasma, although pseudocholinesterase and acetylcho-
linesterase activities in the skin are approximately 3 times lower 
than those of plasma. 
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of isoenzymes. The incubation times of certain enzyme activites 
(Ch 25 and Ch 15) are nevertheless relatively long, since they 
are only detected after an incubation of 19 hr with the substrate. 
Our results (Table IV) showed that: 
-5 isoenzymes were found in plasma and skin extracts; 
-one of the isoenzymes constantly present in plasma was 
never found in skin; 
-an isoenzyme present in skin, appearing after 19 hours' 
incubation with the substrates, was never found in plasma. 
Quantitative interpretation of the electrophoretic data is 
difficult. However, it must be noted that the respective propor-
tion of certain isoenzymes is different in skin and plasma: the 
majority are in greater quantities in plasma, although one of 
them (Ch 33) seems to be proportionally more abundant in 
skin. 
In our experiments, we used a technique which was previously 
applied to the study of plasma cholinesterase [7], in which 8 to 
12 bands of enzymatic activity were distinguished in the plasma 
of normal subjects. We, however, only observed a maximum of 
7 bands of cholinesterase and pseudocholinesterase activity in 
plasma. These discrepancies are probably a result of differences 
in the techniques used, since, in contrast with the previously 
mentioned work, we used neither sample gel nor spacer gel. 
This technique of skin cholinesterase analysis provides pre-
cise quantitative and qualitative characterization. It is specific 
and reproducible, with a high resolution. Nevertheless, it is long 
and cannot be used routinely. Furthermore, large skin biopsies 
(initial weight was of the order of 1-2 gm) are required. 
This type of methodology, however, seems to us to be of 
interest in the study of the pathophysiology of cutaneous dis-
orders in which abnormalities of cutaneous nerve terminals are 
suspected, or have been demonstrated by morphological study. 
However, further investigations are needed into the charac-
terization of individual isoenzymes. Moreover, this study does 
not totally exclude the possible presence of acetylcholinesterase 
in skin, which may exist in such minute quantities that it is not 
detectable by the techniques we have used; it is also possible 
that it counts for only a very small proportion of the total 
cholinesterase activity. 
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